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ABSTRACT 
Objective: The objective of the present investigation was to find antimicrobial and MIC of endophytic fungi Fusarium sp. isolated from Tephrosia 
purpurea root.  
Methods: Well diffusion assay was performed to find out the antimicrobial activity and Resazurin dye reduction method was performed to find out 
MIC of the extract.  
Result: The extract showed the highest zone of inhibition of 22.66±0.57 mm, (Bacillus subtilis, MTCC-441) for Gram-positive bacteria and 
20.66±0.57 mm, (E. coli, MTCC-443) for Gram-negative bacteria. Furthermore, the MIC of the extract was found to be (31.25 µg/ml-125 µg/ml).  
Conclusion: Hence, the endophytic fungi isolated from the Tephrosia purpurea root, i.e. Fusarium sp. showed good antimicrobial activity and hence 
can be used to find a novel drug.  
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There is a general call for new antibiotics, chemotherapeutic agents 
and agrochemicals that are highly effective possess low/no toxicity 
and will have a minor environmental impact. Worldwide, people are 
being threatened by dreaded disease accompanied with an 
increasing extent of environmental degradation, loss of biodiversity 
and spoilage of land and water caused by excessive toxic organic 
insecticide, industrial sewage and poisonous gases [1]. Thus, there is 
an urgent need to search chemically novel, natural, renewable and 
safe antimicrobial substances that can offer the opportunity for 
innovation of new drugs to combat against widespread pathogenic 
microbial infections [2]. Realizing the capability of microorganisms 
to produce a diverse bioactive molecule with serendipitous 
discovery of antibiotics penicillin from Penicillium notatum by 
Alexander Fleming sparked the beginning of “Golden age of 
antibiotics” [3], and the existence of unexplored microbial diversity. 
Research is underway to isolate and screen microbes from diverse 
habitat and unique environment for discovery of novel metabolites. 
Fungi have been known to be a major source of active compounds used 
in medicine. One such unexplored and less studied microorganism is the 
endophytic fungi. Novel antibiotics, antimycotics, immunosuppressants, 
and anticancer compounds are only a few examples of what has been 
found after the isolation, culture, purification, and characterization of 
some choice endophytes in the recent past [2]. Plant-associated 
microorganisms, especially endophytic fungi, are largely unexplored in 
the discovery of natural products [4, 5]. 
A comparison of the different endophytic hosts which acquire a 
major proportion of biologically active isolates reveals that 
medicinal plants in a special environment and were frequently 
studied for screening antimicrobial endophytes up to date (fig. 1) 
[6]. This inspires many researchers across the world to highlight the 
antimicrobial activity of endophytic fungi associated with medicinal 
plants [7-11, 6]. The objective of the present study was to isolate 
endophytic fungi from Tephrosia purpurea, root and to check for 
their antimicrobial activity as well as MIC.  
 
Fig. 1: Proportion of biologically active isolates from different 
sources tested for antimicrobial activities in recent researches [6] 
 
MATERIALS AND METHODS 
Collection of plant material 
Visakhapatnam (Location 17 °40'48.32''N, 83 °12'5.8''E.) is situated 
between the Eastern Ghats and the Bay of Bengal. The annual mean 
temperature ranges between 24.7-30.6 °C (76-87 °F), with the 
maximum in the month of May and the minimum in January; the 
minimum temperatures range between 20-27 °C (68-81 °F) and the 
average annual rainfall recorded is 1,118.8 mm. The plant was 
located in the Campus of Andhra University. Healthy and mature 
plant of Tephrosia purpurea was collected from the Campus, Andhra 
University. Samples were tagged and placed in separate sterile 
polythene bags, brought to the laboratory and processed within 24 h 
of collection [12, 13]. Fresh plant material was used for the isolation 
work to reduce the chance of contamination. Sample collection was 
done in January 2016 and the plant used in the study was 
authenticated by Prof. S. B. Padal (Botanist), Department of Botany, 
Andhra University, Visakhapatnam and the plant material was also 
deposited in Botany Department herbarium (AUV), Andhra 
University, Visakhapatnam with Voucher specimen numbers–22295. 
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Isolation of endophytic fungi 
The sample was washed thoroughly in running tap water before 
processing. Root samples were surface sterilized by dipping in 70% 
ethanol (v/v) for 1 min and 3.5% NaOCl (v/v) for 3 min, rinsed thrice 
with sterile water and dried. Bits of 1.0 X 1.0 cm size were excised with 
the help of a sterile blade. Two hundred segments of Tephrosia purpurea 
root segments were placed on the water agar (16%) (WA) medium 
supplemented with Streptomycin (100 mg/l; Sigma, St. Louis, MO, USA) 
were used for the isolation of endophytic fungi. The Petri dishes were 
sealed using parafilm and The Petri dishes were incubated at 25-27 °C 
till the mycelia start growing from the samples [14].  
Test microorganisms 
Test bacterial and fungal cultures were procured from Microbial Type 
Culture Collection (MTCC) of the Institute of Microbial Technology, 
Chandigarh. Cultures of Gram-negative bacteria, E. coli (MTCC-443), 
Klebsiella pneumoniae (MTCC-452), Proteus vulgaris (MTCC-426), 
Pseudomonas aeruginosa (MTCC-424), Sphingomonas paucimobilis 
(MTCC-6363) and Gram-positive Bacillus subtilis (MTCC-441), Bacillus 
Pumilus (MTCC-432), Streptococcus pyogenes (MTCC-2327), 
Staphylococcus aureus (MTCC-3160) were grown on Nutrient agar media 
and fungal species Aspergillus flavus (MTCC-3396), Aspergillus niger 
(MTCC-961), Candida albicans (MTCC-854) and were maintained on 
Potato dextrose agar which was further used for antimicrobial assay. 
Preparation and standardization test microbial inocula for 
antimicrobial assay 
Test microbial inocula for antimicrobial assay were prepared 
according to Clinical Laboratory Standards Institute [15]. For the 
growth method, a loop was used to touch the top of three to five 
colonies of the same morphological type from an agar plate culture. 
This was suspended in 10 ml of a sterile Nutrient broth (bacteria) 
(NB) and Potato Dextrose broth (yeast and filamentous fungi) (PDB) 
aseptically and incubated at 37 °C and 25 °C for bacteria and fungi 
respectively. The turbidity of the actively growing cells were 
adjusted to the 0.5 McFarland standard (at 625 nm, 0.08-0.1 
absorbance in UV-VIS Spectrophotometer) using sterile respective 
broths to produce an standardized microbial inocula of 
approximately 1.5×108 CFU/ml (for bacteria) and 0.5-2.5×103 yeast 
cells or spores/ml (yeasts and mold fungi) [16]. 
Primary Screening of endophytic fungal isolates 
The isolated endophytic fungi were tested for preliminary 
antimicrobial activity by dual-culture agar diffusion assay [17], with 
some modifications. Petri dishes were prepared by pouring 20 ml of 
sterilized media (NA for bacteria and PDA for fungi) under the 
aseptic condition and allowed to solidify. After solidification of the 
media, 100 μl of standardized test microbial inocula of Gram-
negative bacteria, E. coli (MTCC-443), Klebsiella pneumoniae (MTCC-
452), Proteus vulgaris (MTCC-426), Pseudomonas aeruginosa (MTCC-
424), Sphingomonas paucimobilis (MTCC-6363) and Gram-positive 
Bacillus subtilis (MTCC-441), Bacillus Pumilus (MTCC-432), 
Streptococcus pyogenes (MTCC-2327), Staphylococcus aureus (MTCC-
3160) and fungal species Aspergillus flavus (MTCC-3396), Aspergillus 
niger (MTCC-961), Candida albicans (MTCC-854) (opportunistic 
pathogen) and were spread uniformly using sterile cotton swabs. 
Endophytic fungal isolates were grown at 25 °C-27 °C temperature 
for 7 d on antibiotic-free potato dextrose agar (PDA). 9 mm diameter 
of actively growing endophytic fungal agar blocks or discs were 
placed on the surface of the respective agar media seeded with test 
bacteria and fungi using sterile cork borer. Keeping at 4°C for 4 hr for the 
diffusion of antimicrobial metabolites, thereafter plates were incubated 
at 37°C for 24 hr and 25°C for 48 hr for bacteria and fungi respectively. 
The diameters of the inhibition zone around the discs were measured in 
millimeter (mm) and the average of three repeated agar discs was taken 
to assess the strength of antimicrobial activity. 
Secondary metabolite production of endophytic fungal isolate 
The endophytic fungus EF6 i.e. Fusarium sp.1 was cultured in 1-l 
Erlenmeyer flasks containing 500 ml of optimized culture media 
(PDB) under optimized parameters (pH: 5.5-6.5, Temperature: 25 
°C-30 °C, Incubation days: 8-9 d) under static conditions. The culture 
broth was then filtered to separate the culture filtrate and mycelium. 
Culture filtrate was properly blended and centrifuged at 4,000 rpm 
for 5 min. The supernatant was transferred to a separating funnel to 
which was added the same volume of ethyl acetate. The funnel was 
strongly agitated and then the separation of the phases occurred by 
polarity differences. This process was repeated thrice. An ethyl 
acetate solution containing the fungal metabolite was 98% 
concentrated in a Büchi R-300 Rotavapor (India) at 50°C and stored 
at 4°C until its use [18].  
Antimicrobial assay by well diffusion method 
Well diffusion method was used to determine the antimicrobial 
activity of Endophytic fungal extract by the modifications of Clinical 
Laboratory Standards Institute [19-21] guidelines outlined by [22]. 
Petri dishes were prepared by pouring 20 ml of sterilized media (NA 
for bacteria and PDA for fungi) under the aseptic condition and 
allowed to solidify. After solidification of the media, 100 μl of 
standardized microbial inocula as per, Clinical Laboratory Standards 
Institute [13], was inoculated using sterile cotton swabs. Well was 
made using sterile cork borer (6 mm), 20 μl of endophytic fungal ethyl 
acetate extract at different concentration 200 μg/ml to 50 μg/ml for 
bacterial cultures and 300 μg/ml to 150 μg/ml for fungal cultures from 
the stock solution with the concentration of 1 mg/ml (For extracellular 
endophytic fungal extract) were inoculated. In other wells, supplements 
of DMSO and reference antimicrobial drug (Chloramphenicol) were used 
as negative and positive controls, respectively. The experiments were 
carried out in triplicate and plates were incubated at 37°C for 24 hr for 
bacteria and 25°C for 48 hr for fungi. After the incubation period, the 
diameters of zone of inhibition were measured around discs in mm as 
per Clinical Laboratory Standards Institute [23-24]. Each disk diffusion 
assay was performed in triplicates and mean diameters were recorded. 
Resazurin based 96-well plate microdilution method 
The MIC values of extracts were determined based on a micro-broth 
dilution method in 96 multi-well microtiter plates with slight 
modifications [25, 26]. A stock solution of resazurin sodium salt 
powder (Sigma Aldrich) was prepared at 0.02% (wt/vol) in distilled 
water and stored at 4 °C for up to 1 w.  
A volume of 100 µl of test materials in 10% (v/v) DMSO (usually a 
stock concentration 1 mg/ml for crude extracts) added into the first 
row of the plate. 50 µl of nutrient broth and 50 µl of normal saline 
were added to each well of the plate. Serial dilutions were 
performed using a multichannel pipette such that each well had total 
l00 µl of the test material in serially descending concentrations. 10 µl 
of resazurin indicator solution was added in each well. Finally, 0.5 
McFarland standard microbial suspension of l0 µl of bacterial and 
fungal suspension were added to each well to achieve a 
concentration of 1.5×108 CFU/ml (for bacteria) and 0.5-2.5×103 
yeast cells or spores/ml (yeasts and mold fungi) [16]. Each plate had 
a column with Chloramphenicol as the positive control and DMSO as 
the negative control for bacteria and Nystatin as the positive control 
and DMSO as the negative control in case of Fungi. The plates were 
prepared in triplicates and placed in an incubator set at 37 °C for 18-
24 hr for bacteria and 25 °C for 48 hr for Fungi. Any color changes 
from purple to pink or to colorless indicated growth of microbes. 
The lowest concentration at which no color change occurred was 
taken as the MIC value of extract. 
 
 
Fig. 2: Active living cells cause the reduction of resazurin 
(purple-blue) to resorufin (pink-colorless)
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All statistical analysis was performed by using Microsoft Excel 
version 2013 and further mean±SD were calculated. 
RESULTS 
The secondary metabolites produced by the EF6, Fusarium sp.1 (fig. 
3) isolated from the root of Tephrosia purpurea was used for the 
antimicrobial activity (antibacterial and antifungal activity). The 
extracellular, ethyl acetate extract was used for the antimicrobial 
activity (table 3, 4 and 6, fig. 4 and 6) and MIC (table 5 and 7 and fig. 
5). The result of the preliminary antimicrobial activity is shown in 
table 1-2. 
 
Fig. 4: Antibacterial activity of EF6 i.e. Fusarium sp. 1 against E. 
coli (MTCC-443). 
 
Table 1: Preliminary antibacterial activity 
Isolate 
No. 





























































Note: All the experiments were performed in triplicates and (Mean value±SD) were calculated 
 
Table 2: Preliminary antifungal activity 
Isolate No.  Preliminary antifungal screening of endophytic fungi for antifungal activity (mm) 
Aspergillus flavus (MTCC-3396) Aspergillus niger (MTCC-961) Candida albicans (MTCC-854) 
EF6 (Fusarium sp.1) 11.66±0.57 10.66±0.57 14.66±0.57 
Note: All the experiments were performed in triplicates and (Mean value±SD) were calculated 
 
































































































































































Note: C20 represents Chloramphenicol at 20 µg/ml, the diameter of the well (6 mm) was included in ZOI value. All the experiments were performed 
in triplicates and (Mean value±SD) were calculated 
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Table 4: Antibacterial activity of the extracellular endophytic fungal extract against gram-positive bacteria 
Isolat
e No. 
The diameter of the zone of inhibition (mm) against pathogenic Gram-positive bacteria at different concentration (µg/ml) 
Bacillus subtilis 
(MTCC-441) 
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- - - 24.66
±0.57 
- - - 22.66
±0.57 
- - - 21.66
±0.57 
- - - 19.66
±0.57 
Note: C20 represents Chloramphenicol at 20 µg/ml, the diameter of the well (6 mm) was included in ZOI value. All the experiments were performed 
in triplicates and (Mean value±SD) were calculated. 
 
Table 5: MIC (µg/ml) of the extracellular extract of EF6 against pathogenic bacterial strains 
































EF6 (Fusarium sp.1) 62.5 125 125 62.5  125 31.25  62.5  31.25  31.25 
MIC of chloramphenicol 0.39  0.78 0.78  0.39 0.78  0.10  0.20 0.10  0.10 
 Note: All the experiments were performed in triplicates and average values were recorded  
 
 
Fig. 5: MIC of the Extracellular extract of EF6 (Fusarium sp.1) by 
resazurin dye reduction method (column represents 
concentration: 1-positive control, 2-Negative control, 3-1000 
µg/ml, 4-500 µg/ml, 5-250 µg/ml, 6-125 µg/ml, 7-62.5 µg/ml, 8-
31.25 µg/ml, 9-15.625 µg/ml, 10-7.8125 µg/ml, 11-3.906 µg/ml, 
12-1.953 µg/ml) and Row represents pathogenic strains, 
A=Klebsiella pneumoniae (MTCC-452), B= Pseudomonas 
aeruginosa (MTCC-424), C= Sphingomonas paucimobilis (MTCC-
6363), D= E. coli (MTCC-443), E = Bacillus subtilis (MTCC-441), 
F=Streptococcus pyogens (MTCC-2327), G=Staphylococcus aureus 
(MTCC-3160), H=Bacillus pumilus (MTCC-432) 
 
 
Fig. 6: Antifungal activity of EF6 i.e. Fusarium sp.1 against 
Aspergillus flavus MTCC-339
Table 6: Antifungal activity of the extracellular endophytic extract 
Isolate No. The diameter of the zone of inhibition (mm) against different pathogenic fungi at different concentration (µg/ml) 
Aspergillus flavus (MTCC-3396) Aspergillus niger (MTCC-961) Candida albicans (MTCC-854) 
300 150 300 150 300 150 
EF6 (Fusarium sp.1) 11.66±0.57 7±0.5 12.66±0.57 7.66±0.57 23.66±0.57 12.66±0.57 
N20 - 17.66±0.57 - 16.66±0.57 - 25.66±0.57 
Note: N20 represents Nystatin at 20 µg/ml, the diameter of the well (6 mm) was included in ZOI value. All the experiments were performed in 
triplicates and (Mean value±SD) were calculated 
 
Table 7: MIC (µg/ml) of the extracellular fungal extracts against pathogenic fungal strains 
Isolate  Aspergillus flavus (MTCC-3396) Aspergillus niger (MTCC-961) Candida albicans (MTCC-854) 
EF6 (Fusarium sp.1) 125 125 31.25 
Nystatin 3.13  3.13  0.39  
Note: All the experiments were performed in triplicates and average values were recorded  
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Ethyl acetate extracts of bioactive endophytic fungal strains exhibit 
antibacterial activity as reported in previous studies by [27-31]. 
Endophytic fungal, EF6 (Fusarium sp.1) ethyl acetate extract was 
more active against, E. coli (MTCC-443) with the zone of inhibition of 
20.66±0.57 mm, followed by Pseudomonas aeruginosa (MTCC-424), 
Klebsiella pneumoniae (MTCC-452), Sphingomonas paucimobilis 
(MTCC-6363), Proteus vulgaris (MTCC-426) with the zone of 
inhibition of 15.66±0.57 mm, 14.66±0.57 mm, 13.66±0.57 mm, 
12.66±0.57 mm, respectively in case of Gram-negative bacteria. As 
reported by the following studies of [28-30, 32-34]. 
Several studies have been done to find MIC value of the extract, for 
example, Nigrospora sp. reduced the growth of dermatophytes with 
the MIC range of 50 and 100 μg/ml respectively [35]; Papulaspora 
immersa and Arthrinium state of Apiospora montagnei Sacc. were 
isolated from the roots of Smallanthus sonchifolius (yacón). The 
crude extracts from their cultures inhibited the growth of 
Staphylococcus aureus, Kocuria rhizophila, Pseudomonas aeruginosa 
and Escherichia coli. The more relevant results were observed in the 
ethyl acetate extract from P. immersa against P. aeruginosa with MIC 
(90 µg/ml) and ethyl acetate extract from Arthrinium state of A. 
montagnei Sacc. against P. aeruginosa with MIC (160 µg/ml). The two 
endophytic fungi isolated from yacón roots as well as their 
antimicrobial activity was detected in the crude extracts cultures were 
being reported for the first time [36]; Endophytic fungi isolated from 
Rafflesia cantleyi with anti-Candida activity having IC50 values of 3.5–
8.2 μg/ml [37]. In the present study, the endophytic fungi isolated also 
have the MIC in the range of (31.25-125 μg/ml) for all bacterial and 
fungal strains used which is in agreement with the above study. 
CONCLUSION 
The endophytic fungus isolated from Tephrosia purpurea root was 
Fusarium sp.1 which has high antimicrobial activity. Hence, the 
endophytic fungus isolated from Tephrosia purpurea root might be a 
new antimicrobial source to combat with drug-resistant bacteria. 
Further studies on isolation of these antimicrobial compounds and 
identification of bioactive compounds can be a crucial approach to 
the search of novel natural products. 
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